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u U1~~~~U u i~Laser Spe oscop ic Techn ique

The major cccomplish ents achieved in the performance of this research
effort are as follows:

(1) The design, development and exp lo itation of first and second
generat ion apparatus for stud ying the spectrosco py of ultra cold molecu les
by laser induced fluorescence. This techni que was the first joining of
supersonic jets and laser optical spectroscopy for the sim p lification of comp lex
optical spectra , for the observation of new van der Wools molecules , and
for the observation of photo chemical processes

(2) The fluorescence excitation spectru m of NO2 was measured in the
I ‘~~~~ reg ion 5708-6708 1 using a tune oble dye loser as an excitat ion source. The

0.4 NO2 was cooled to a rotation al temperature of 3 K by expans ion with
argon as a carr ier gas throug h a superson ic nozzle. This cooli ng drasticall y
reduced the rotational structure and thereby permitted a clear separation and

t.a.j anal ysis of 140 vth ronlc bands found in this 1000 1 region of the spectrum.
—I The results indicate that most of the fluorescence in this region is due to a____ Li. . 28

2 electron ic state, and that this state is so heavfly perturbed by high levels
of the ground electronic state that a substantial fraction of all ground state____ levels of appro priate vibronic symmetry in this region hove appreciable

~~~ fluorescence intensit y.

(3) The He12 van cier Wools complex was prepared from a di lute mixture
of iodine in helium at a pressure of 100 atm by supersonic expansion throug h a
nozzle into a vacuum. Laser-induced fluorescence exci tation spectra were
recor ded for the ~ ... X transition of H.12 as we ll as corresponding spectra
for the He212 and I ~ molecules in the .xponding g

~~
. I~ was found to be

coole d by the expansion to a rotational temperature of 0.4 K, and a v ibrationa l
temperature of 50 K.- Simi larl y cold internal tsmp.ratur.s w•rs attained by the
van der Wools complex.s . Evidenc e was found for vibrational pred ssociation
of the Hel0 complex in both the ~ andl electronic states. The v ibrational
predissoci~Hon rate was found to depend weak ly upon th. degr.. of exc itation
of the I-I stretching mode, ~~ For v1 = 1 in the Y stpt. th. predissociation
rate was fou nd to be greater than 5 x 10~ s~~ . In the B state the vibrational
predissociation rate is -~5 x  10~~s~~ for v1 27, decreaslng to < r x
for v 1 < 7. Th. small (3. 4-4. 0cm -1) blue shi fts of the vibronic bands of
the H.l2 spectru m relat ive to corresponding bands of l~ indicate (1) the van der
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Wools complex is slightly more strongly bound in the ~ state than it is in
the B state, and (2) the I—I bonding in bath the X and~ states of iodine
is largely unaffected by the formation of the van der Waals bond with helium.

(4) The spectrum of the HeNo2 molecule was identified as a weak
brood feature —~ 1.5 cm 1 to the high frequency side of the R (0) line of
the NO2 vibronic origin. The —0. 8 cm~ width is due to lifetime broadening,

lO~~ seconds, and must be due to the dissociation of the complex.

(5) The vibrational energy distribution in the photodissociation products
of He12 has been shown to obey the propensity rule á~ = -1 by observation
of fluorescence of the daughter 12 .

(6) The van der Wools molecule NoAr has been prepared in a supersonic
expansion of sodium vapor plus a few percent argon in a helium carrier gas.
The fluorescence excitation spectrum of the X2 t+ -A2 ii optical transition has
been analyzed and the vibrational and rotational spectroscopic constants have
been derived from this analysis. The ground state interatomic potential implied
by these parameters is consistent with that measured or calculated by other
workers. The observed A-doubling of the A2 ti state suggests that the coupling
between the A2 ri and B2 Zstates may be stronger than would be expected from
previous ca lculations. The magnitude and sign of the dependence of the fine-
structure splitting of the A2 r~ state on vibrational quantum number suggests
that the van der Wools bond produces an observable perturbation of the core
e lectrons of the sodium atom.

(7) The fluorescence excitation spectrum of the 
~ 3u (s” = 0) ~ 1A9 (v” 0)

transition in s-tetrazine has been observed and measured. The sample was cooled
to a rotational temperature of <1K by expansion in a supersonic free jet. In
this way the rotational structure arising from asymmetry split low J lines could be
observed. The rotational A and B axes of the 2H1 ‘~‘C2”N4 isotope were
observed to interchange upon electronic excitation and a theory describing the
effect of this interchange upon the optical selection rules has been developed.
Analysis of the resolved rotational structure suggests that the geometry change
upon electronic excitation is smaller than that deduced from previous analysis
of the room temperature optical spectrum.

(8) The vibrational relaxation of I2 by H1 has been studied in a supersonic
free jet. It was observed that the addition of 5% H2 to the helium carrier gas 

________

greatly reduces the concentration of X~Z~ ~~“ = 1)12 in the jet as compared to -
-

the concentration in a pure helium carrier. From this observation we have de- ite SeCtibU 
~~

termined that the average vibrational relaxation cross sections of H2 is 7. 1 times f Cl

as large as that of helium. Since the average vibrational relaxation cross Section 
________

of H2 is 7. 1 times as large as that of helium. Since the average vibrational 
________

relaxation cross section of deuterlum is at least as large as that of hydrogen,
the mechanism responsible for this phenomenon appears not to be dominated by J~

jj
~~~~mass effects. Dist ...,~ iL. and/u IP&CIM. 
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(9) The 0—0 band of the B .- X visible spectrum of iocflne has been
observed in spite of its very small Franck-Condon factor. The expected
satelite band of the van der Waals molecule He12 was not observed, and a
mechanism is suggested to account for the absence of the van der Wools
spectrum.

(10) The rotational structure of the fluorescence excitation spectrum
of the B (v ’ = 10) ~- X (s,” = 0) transition of the van der Wools molecule
He12 has been measured and analyzed. The analysis indicates that the
molecule has a nonlinear equilibrium structure with R’ = 4. 79 ~ 0. 22 1
and R” = 4.47 ± 0. 13 1 where R is the perpendicular distance from the
helium atom to a line drawn through the iodine atoms.

(11) Van der Waals complexes between s—tetrazine and a number of
light gases have been observed and characterized by laser spectroscopic
studies of a free supersonic expansion of s—tetrazine in a helium carrier gas.
The observed comp lexes are of the form X—s-tetrazine and X2 — s - tetrazfne
where X = He, H2, and Ar. The spectra are consistent with the X species
in both types of complexes being bound on or near the out—of-plane C2 v
axis on the top and/or bottom of the s-tetrazine ring. For the He and H2
complexes analysis of the rotational structure indicates that the van der Wools
bond length is —3. 3 1. The observed red shift of the 0-0 band of the ‘B3u 4-

transition of all complexes relative to that of s—tetrazine indicates that a
slightly stronger van der Waals bond exists in the excited state. Observed
vibrational progressions for these complexes indicates the stretching frequency of
the van der Wools bond in the excited state is 38. 0, 95, and 110 cm~ for the
X = He, H2, and Ar complexes, respectively. The 0—0 band origins of the
‘~~214N4 HD, ‘~C2”N4 D2, 12C’~

C14N2H2, and “2C214N3 15NH2 isotopic
species relative to that of ‘~ C2 “N2 H2 are also reported.

(12) The van der Wools molecule An 2 has been produced in a supersonic
expansion of 12 in mixed argon—helium carrier gas, and its f luorescence excitation
spectrum has been observed. Spectra of the complex are only observed when
the iodine stretching vibration is excited to v’ ~ 12 in the excited ’

~ electronic
state. Above this value the intensity of the van der Wools spectrum is observed
to be an oscillatory function of the iodine vibrational quantum number. This
behavior is attributed to competition between two decoy channels in the excited
state: vibrational predissociatton with a cross section that increases monofonically
with v’, and electronic predissociation with a cross section that oscillates with
v’. The spectral linewidth provides a lower limit of 3 x 10.11 sec for the lifetime
of the excited state involved in the 0-15 transition.
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